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© High frequency printing mechanism.

© High frequency printing mechanism with an ink-

Jet ejection device which is capable of ejection of ink

(including hot melt ink) at jet frequencies greater

than 50,000 Hz. A cantilevered beam (12) is moun-
ted at its base (14) to a piezoelectric element (18)

which oscillates the base. The beam is shaped so

that its moment of inertia is reduced toward its free

nd (16). The element (18) is activated by an os-

cillating electrical signal the frequency of which is

equal to or close to a natural frequency of oscillation

of the beam (12). At this frequency of oscillation of

the beam, the tip (15) of the beam ocillates over an

amplitude which is significantly greater than the os-

cillation amplitude of the base. The tip (15) of the

beam is provided with an aperture which is prefer-

ably tapered in cross-section. One opening of the

tapered aperture is in fluid communication with a
reservoir (19) of ink and the other opening of the

aperture is positioned at an appropriate distance

from a printing paper towards which individual

droplets of ink from the reservoir are to be propelled.

When the tip amplitude is above a predetermined

threshold, the solid-fluid interaction between the ap-

erture and the ink causes a drop of ink to be
accelerated through the aperture and be ejected

upon each excursion of the tip of the beam toward

the printing media
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Th8 present invention relates generally to the

field of printing mechanisms and more specifically

to an extremely high frequency printing mechanism
that finds particularly advantageous use in ink-jet

printing, but which may also be advantageous in

application to high speed impact printing.

In the last several years, ink-jet printers have
been gaining in popularity, particularly for use in

conventional office applications and also in the

areas of desk-top publishing and computer-aided

d sign. The popularity of ink-jet printers is attrib-

utable to a number of significant advantages as

compared to more conventional dot matrix printers.

Most significantly is extremely high print quality

and reliability, combined with relatively low noise

operation, low manufacturing costs and relatively

low maintenance costs. All ink-jet printers eject

droplets of ink with a diameter that is usually less

than about 100 micrometers onto a medium such
as paper or transparencies. There are various ways
of producing ink droplets on demand. Two types of

actuators have become established in the market
namely print systems which use piezoelectric tran-

sducers and those which use thermoelectric trans-

ducers. Such "drop-on-demand" printers are typi-

cally no larger than conventional dot-matrix printers

and are basically no more expensive to manufac-
ture. The fact that they can print at high speeds
and can do so in relative silence, makes them
highly desirable for use as a printer in an office

environment. Systems are available with, typicaliy,

from four to sixty nozzles and resolutions ranges
from about seventy-two drops per inch (dpi) to four

hundred dpi. Because of their low power require-

ments, such ink-jet printers have been used as lap

top printers. Up until about 1984, the only "drop-

on-demand" ink-jet printers available on the market
were piezoelectric printers in which a voltage is

supplied to a piezoelectric element. This results in

a mechanical displacement, which causes a pres-

sure change, such as in an ink tube, thereby forc-

ing one drop of ink to discharge toward the printing

medium, such as paper. In one such prior art

piezoelectric ink-jet device, a piezoelectric tube

surrounds a flexible tube having ink therein, and
terminating in a nozzle from which the drop of ink

is to be rejected. An electric pulse is applied to the

piezoelectric tube, causing the internal cross-sec-

tion of the tube to contract or expand. The result is

local over-pressure or under-pressure which cre-

ates pressure waves which accelerate the ink

meniscus and causes a droplet to be ejected from
the nozzle. Piezo-diaphragm systems operate on
exactly the sam principl s as piezo-tube ink-jet

m chanisms, xcept that th pressure waves are

produced by th flexural movements of a plain

piezo-disk on a rigid diaphragm. Still anoth r piezo-

electric configuration for ink jet printing applications
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are print mechanisms with piezo-lameilas. A large

plurality of piezo-iamellas are arranged in parallel

and extend or contract when subjected to voltage

pulses. This movement is also transferred to an ink

5 chamber and an ink droplet is ejected as a result.

More recently, piezo-activated ink-jet mecha-
nisms have come under competition from bubble-

jet systems. These systems employ an elongated

channel in which there is a heating element behind
io a nozzle. When a short pulse is applied to the

heating element, a small vapor bubble is produced
in the ink above the element. The bubble drives ink

out of the nozzle with great force and then col-

lapses, cutting off the jet of ink. In contrast to piezo

76 systems in which the defined oscillation of the

actuator causes the ink to move, the bubble jet

relies solely on capillary action to draw the ink into

the nozzle.

One of the critical performance characteristics

20 of ail such prior art "drop-on-demand" ink jet sys-

tems is the maximum ejection frequency attainable

and the ink compatibly with the media (paper) and
the channel and nozzle. Solid ink avoids all the

problem associated with ink drying up in nozzle.

25 Hot-wax-based solid ink solidifies on contact with

the paper and is water resistant, provide maximum
contrast and most important does not require spe-

cial paper and can be used with transparencies.

This frequency for piezo tube systems is about 5
30 kHz. For diaphragm operated piezo systems, it is

about 3 kHz.

For lamella piezo systems, it is believed to be
as high as 10 kHz. However, there is no current

system on the market which uses the piezo-lamella

35 concept that is capable of a 10 kHz ejection fre-

quency or ejection of hot-melt-ink. The bubble sys-

tems have a maximum ejection frequency of about
4 kHz. Thus, of all of the prior art piezo-electric and
bubble ink-jet systems on the market, the maxi-

40 mum ejection frequency is about 5 kHz. The ejec-

tion frequency is a critical parameter of ink-jet

systems because for the same number of nozzles,

it determines how quickly a character can be
formed, or alternatively, in color ink jet printing

45 applications, it determines how quickly different

color combinations can be created, and thus

whether or not a color ink-jet printing system can
be made that is feasible in terms of print speed.

Another critical performance characteristic is resis-

50 tance to clogging ink channels which can readily

occur with long ink channels.

The present invention provides an entirely new
and innovative drop-on-demand printing device that

is specially advantageous in ink-jet printing

55 mechanisms. Howev r, the present invention may
also have advantag ous applications in impact-typ

printers, as will be seen hereinafter. The principal

innovative feature of the present inv ntion is that it
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is capable of ejecting drops of ink including hot-

melt-ink at a such higher ejection frequency than

any of the previously described prior art ink-jet

printing mechanisms. In fact, the present invention

provides an ink-jet ejection device which is capable s

of ejection frequencies greater than 50,000 Hz.

Although the present invention-also utilizes a piezo-

electric element, in a preferred embodiment, it

uses such an element in totally new and radically

different manner. More specifically, in the present io

invention, a cantilevered beam of a selected shape

is mounted at its base to a piezoelectric element.

The element is designed to oscillate the base. The
beam is shaped so that its moment of inertia is

reduced toward its free end and as a result the 75

amplitude is greatly magnified despite high damp-
ing. The element is activated by an oscillating

lectrical signal the frequency of which is equal to

or close to a natural frequency of oscillation of the

beam in the preferred embodiment herein a third or 20

higher modal frequency is utilized. Because of the

structural configuration of the cantilevered beam
and the selected frequency of oscillation thereof,

the tip of the beam oscillates over a distance which

is significantly greater than the oscillation distance 25

of the base. Thus for example, in a preferred

embodiment of the invention described herein this

oscillation distance or amplitude at the base is one
ten-thousandth of an inch. However because of the

shape of the beam and frequency of oscillation 30

selected, the amplitude of oscillation at the tip or

free end of the beam is fifteen to twenty times

greater than that at the base. The actual ratio of tip

amplitude to base amplitude is also a function of

the structural damping of the beam. In the pre- 35

ferred embodiment of the invention described here-

in, the beam is highly damped and made of a low-

density material so that the tip amplitude is ex-

tremely responsive to variations in the base am-
plitude. The tip of the beam is provided with an 40

aperture which in the preferred embodiment of the

invention described herein is preferrably tapered in

cross-section. One opening of the tapered aperture

is in fluid communication with a reservoir of ink and
the other opening of the aperture is positioned at 45

an appropriate distance from a recording medium
such as paper towards which droplets of ink from

the reservoir are to be propelled. It has been found

that when the amplitude of the free end of the

beam, that is, the end having the tapered aperture, 50

is above a predetermined threshold, between the

tapered aperture and the ink causes a drop of ink

to be accelerated through the aperture and be
ejected upon each xcursion of the tip of the beam
toward the printirng media. However, it has also 55

be n discover d that by r ducing the amplitude of

the tip oscillations below the aforem ntioned

preselected threshold, ink droplets will not be ject-
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ed. Thus by controlling the amplitude of the oscilla-

tions as well as the size and shape of the aperture

of the beam and given variations in ink parameters

such as viscosity, density and the like, one can

readilv provide a means for controlled ejection of

droplets of ink at an extremely high frequency and
lower cost as compared to prior art ink-jet drop-on-

demand systems. Furthermore, the relatively short

ink path used in the printing device of the invention

reduces the likelihood of ink clogging and resulting

maintenance.

It is therefore a principal object of the present

invention to provide a printing device capable of

operating with a mechanical oscillation frequency in

excess of 50.000 Hz.

it is an additional object of the present inven-

tion to provide a drop-on-demand ink-jet ejection

device capable of ink-droplet ejection frequencies

in excess of 50.000 Hz.

It is still an additional object of the present

invention to provide a printing element comprising

a cantilevered beam having a selected shape for

inducing mechanical oscillation of a tip of the beam
by mechanical oscillation of the base of the beam
at a selected natural frequency.

It is still an additional object of the present

invention to provide a high frequency printing de-

vice in the form of a cantilevered beam having a

base end and a free end, the free end having a

reduced moment of inertia compared to the base
end having means for imparting mechanical oscilla-

tion to the beam at the base end and having a

selected shape for imposing an amplified mechani-

cal oscillation at the free end whereby the free end
oscillates over a mechanical distance which is suffi-

cient to eject individual drops of ink at a controlled

rate in acoordance with the oscillation rate of the

base end of the beam.
It is still an additional object of the invention to

provide a low cost, easily manufactured ink-jet

printing device with short ink channels to reduce

the likelihood of clogging problems.

The aforementioned objects and advantages of

the present invention as well as additional objects

and advantages thereof will be more fully under-

stood hereinafter as a result of a detailed descrip-

tion of a preferred embodiment when taken in

conjunction with the following drawings in which:

FIG. 1 is a schematic illustration of the printing

device of the present invention shown config-

ured for use as a drop-on-demand ink-jet ejec-

tion device;

FIG. 2 is a schematic illustration of the cantile-

ver d beam of th present invention shown in its

oscillating configuration;

FIG. 3 is a top view of the cantilevered beam of

the pr s nt inv ntion;

FIG. 4 is a sid view of th cantilevered beam of

BNSDCCID: <EP 0510648A2J_>
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the present invention;

FIG. 5 is a bottom view of the cantiievered beam
of the present invention;

FiG. 6 is an enlarged plan view of the tip portion

of the cantiievered beam illustrating that portion

of the beam shown in the circle labeled "see

FIG. 6" in FIG. 5;

FIG. 7 is a cross-sectional side view of the tip of

the cantiievered beam of the present invention

showing a preferred aperture shape;

FIG, 8 is a graphical representation of the os-

cillation characteristics of the beam of FIG. 2

illustrating specifically the amplitude of the third

and fourth modal frequencies thereof; and
FIG. 9 is a graphical representation of the

present invention showing the relative oscillation

of the tip compared to the base and the ejection

level for ink-jet printing applications.

Referring now first to FIG. 1 it will be seen that

the printing device 10 of the present invention

comprises a cantiievered beam 12 having a base

end 14 and a free end 16. The base end 14 of

beam 12 is affixed to an oscillator 18 which may
for example be made of a piezoelectric material

such as EC28 piezoelectric material supplied by
EDD. Inc. in a monolithic corified multilayer con-

figuration. The free end 16 of beam 12 is provided

with a relatively planar tip member 15 through

which there is an aperture 22. The portion of tip 15

having the aperture is in contact with a source of

ink such as ink container 17 which supplies ink 19

to produce an ejection of ink droplets 20.

The oscillatory motion of the cantiievered beam
12 is shown in FIG. 2. It will be seen therein, that

the base end 14 of the beam 12, by virtue of its

intimate contact with the piezoelectric oscillator 18,

is caused to oscillate along a vertical axis, as

viewed in FIG. 2 with an oscillating characteristic

shown in the graph at the rightmost portion of FIG.

2. As also seen in FIG. 2, the free end 16 of beam
12, and particularly the tip element 15 thereof, also

oscillates at the same frequency as the base end
14, but with a much larger amplitude as seen in the

graph on the leftmost portion of FIG. 2.

The significantly larger oscillation amplitude of

the free end of the beam shown in FIG. 2, as

compared to the base end thereof, is due primarily

to two factors. One is the shape of the cantiievered

beam 12 and the other is the frequency of oscilla-

tion that is selected for activation of the piezoelec-

tric element 18. More specifically, cantiievered

beam 1 2 is configured so that its moment of inertia

along its length is reduced toward the free end.

The beam configuration may be understood b st

by referring to FIGs. 3, 4 and and 5 which illus-

trates a pr ferred embodiment thereof. From FIGs.

3, 4 and 5 it will be seen that the cantilever d

beam 12 is rectangular in shape along a majority of

BNSOOCID: <EP 051 0S48A2J_>

its length, particularly the end thereof denoted as

the base end 14. In the preferred embodiment
shown therein, the cross-section of the base end is

.06 inches wide and .047 inches high. The overall

5 length of the beam 12, not including the tip ele-

ment 15. is 0.779 inches. However, the overall

beam length is increased by 0.083 inches, which is

the degree of overhang of tip element 15 beyond
the end of free end 1 6 of the beam 1 2. The actual

io length of the tip element, which partially overlaps

the free end 16 of beam 12 is 0.215 inches. The
free end 16 of beam 12 is tapered in two planes,

while tip element 15 is relatively flat in one plane

and tapered in the other to conform to the taper of

75 free end 16. The shape and dimensions of tip

element 15 and free end 16 of beam 12 are de-

signed to provide a significantly reduced moment
of inertia of the free end of the beam 12, as

compared to the base end 1 4 thereof.

20 The detailed structure of tip element 15 may
be understood best by referring to FIGs. 6 and 7.

As seen therein, tip element 15 is provided with an

aperture 22, formed by a tapered wall 24, forming

a large opening 26 on one side of the tip element

25 15 and a small opening 28 on the opposite side

thereof. The thickness of the tip element 15 in the

preferred embodiment shown herein is 0.003

inches. The center of the aperture 22 is positioned

at 0.0075 inches from the end of tip element 15

30 and is circular in shape with large opening 26
having a diameter of 0.005 inches and the small

opening 28 thereof having a diameter of 0.0015

inches.

In the preferred embodiment of the invention

35 illustrated herein, the beam 12, including tip ele-

ment 15, is preferably made of a low-density ma-
terial such as magnesium-zirconium alloy, with the

tip element 15 being separately manufactured in

order to simplify the manufacturing process. How-
40 ever, it should be understood that neither the pre-

cise shape of beam 12, nor the material thereof is

not to be limited by the disclosure of the embodi-

ment shown herein. More specifically, it should be
understood that tip element 15 can readily be in-

45 tegrated with the remainder of beam 12 to form

one elongated structure. Furthermore, the specific

shape of such a combined structure would not

necessarily be limited to that shown herein, but

could be virtually any shape in which the desired

so reduction in moment of inertia is achieved toward

the free end of the beam while providing an ap-

erture of the type shown in FIG. 7 for receiving ink

droplets at the large opening 26 thereof and ejec-

ting ink droplets from the small opening 28 thereof.

55 It should also be understood that the specific ma-
terial, is not to be limiting of the cantiievered beam
12 and that in fact, th beam may be made of a
large vari ty of different materials which may be as

4
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suitable for the use intended herein. Other such

materials include plastic and composite materials,

as well as combinations of metal, plastic and com-
posite materials. The piezoelectric element 18, in

the preferred embodiment of the invention shown
herein, is of a rectangular block shape having di-

mensions of 0.19 by 0.19 by 0.125 inches. How-
ver, it will be understood that the particular shape

of oscillator 18 as well as the use of the piezoelec-

tric materials in general, are not necessarily limiting

of the present invention as any suitable oscillator

capable of the amplitude and frequency require-

ment of the present invention may be readily sub-

stituted for the element 18 shown herein.

The shape of the beam 12 and in particular the

reduction in moment of inertia of the beam be-

tween its base end 14 and its free end 16, is

selected to provide a significant increase in am-
plitude of oscillation between the base end and the

free end of beam 12 which has been found to

occur at particular frequencies of oscillation of the

beam 12 and in particular at the third and fourth

harmonics of the natural oscillating frequency of

the beam. In this regard. FIG. 8 provides a

computer-generated graph of the amplitude of os-

cillation of the free end 16 of beam 12 as a

function of frequency, assuming a base oscillation

peak amplitude of one ten thousandths of an inch

and assuming a damping ratio of 1%. From FIG. 8,

it will be seen that the amplitude of oscillation of

the free end of beam 12, for the assumed damping
ratio of 1%, is approximately .03 inches, that is,

300 times the amplitude of oscillation at the base
end 14, at a frequency of about 58 kHz which

corresponds to the third modal frequency or third

harmonic of the natural oscillating frequency of the

beam 12. Similarly, the oscillation peak amplitude

of the free end of the beam 12 at the fourth modal
frequency or fourth harmonic of the natural operat-

ing frequency of the beam 12, which occurs at

about 68 kHz, for the assumed 1% damping ratio is

approximately 0.025 inches or 250 times the base

oscillation amplitude. Actual measurement of the

free end oscillation amplitude using a laser inter-

ferometer reveals that the amplitude at the tip is

actually 0.002.

Based upon this actual measurement and the

fact that the amplitude of the free end oscillation is

inversely proportional to the damping ratio and
dependent only upon the damping ratio at natural

frequencies, the actual damping ratio appears to be
approximately 15, that is, the average structural

damping of the beam 12 is actually about 15%.
This r lativ ly high damping is a desirable char-

act ristic of the beam structur , because it takes

the amplitude of the fr end oscillation highly

responsive to variations in th amplitude of the

base oscillation.

BNSDOCID: <EP 051 0848A2_I_>

Thus, in the preferred embodiment of the

present invention, it is desirable to have a damping
factor of at least 10 and to provide an amplitude

ratio between the free end and the base end os-

5 dilation of also at least 10, depending upon the

voltage applied to the oscillator 1£ and its me-
chanical responsiveness thereto.

The canti levered beam 12 of the present inven-

tion is especially useful for ink-jet printing systems,

10 because when the free end of the beam oscillates

with an amplitude which exceeds a preselected

threshold, ink droplets are ejected from aperture 22
at the frequency of oscillation of oscillator 18. Thus
by controlling the amplitude of the base oscillation

75 and thus the amplitude of the free end or tip

oscillation so that it is either above or below this

threshold ejection level, the ejection of ink droplets

may be readily controlled in a manner depicted in

FIG. 9. As shown therein, in FIG. 9 the base
20 oscillation amplitude is 0.0001 inches. The fre-

quency of oscillation is approximately 58,000 Hz,

which corresponds to the third modal frequency of

the beam 12. The ink droplet ejection level, that is

the level above which the amplitude of oscillation of

25 the tip or free end 16 of the beam 12 causes ink

droplets to be ejected therefrom is approximately

0.0016 inches. As can be seen in FIG. 9, the base
oscillation is adjusted so that the tip oscillation

varies in amplitude from cycle to cycle, so that it is

30 just above the ejection level upon alternating cy-

cles and below the ejection level therebetween.

The actual ejection level threshold, that is the ac-

tual oscillation amplitude of the free end of the

beam which causes the ejection of ink droplets,

35 depends upon the characteristics of the ink se-

lected, as well as the shape and dimensions of the

aperture 22. In the particular preferred embodiment
shown herein, the ejection level shown in FIG. 9 is

achieved using ink supplied by Sharp. Inc. iden-

40 tified under the model no. JX-735 IFP.

As shown in FIG. 1, the ink 19 continually

adheres through solid/fluid surface tension to the

large opening 26 of aperture 22. The ink acceler-

ates through the tapered aperture 22 and is ejected

46 one droplet at a time to form droplets 20 shown in

FIG. 1. One droplet is ejected each time the am-
plitude of oscillation of free end 16 at the aperture

of tip element 15 exceeds the ejection level thresh-

old. The number of droplets and spacing there-

50 between, are a function of the frequency of oscilla-

tion, which in the preferred embodiment hereof,

exceeds 50.000 Hz. It will be understood however,

that with selected changes in the shape of the

beam 12 and the characteristics of the ink and in

55 the shape and dimensions of aperture 22, th se-

lect d fr qu ncy of operation, which is pref rably a

harmonic such as th third or fourth harmonic of

the natural oscillating frequency of the beam 12,

5
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may vary from that shown herein. Nevertheless,

based upon the preferred embodiment disclosed

herein, it will now be apparent that extremely high

frequencies of ink droplet ejection may be
achieved by the present invention and that in fact,

ink droplet ejection frequencies exceeding 50.000

Hz are readily achieved thereby.

It will now be understood that what has been
disclosed herein comprises a novel and highly in-

novative printing device primarily adapted for use
in ink-jet printing systems. The invention comprises

a cantilevered beam having a base end and a free

end, the free end having a lower moment of inertia

than the base end. The base end is affixed to a

mechanical oscillator for imparting oscillating mo-
tion to the base at a selected frequency and of a

selected amplitude and an ink supply is in fluid

communication with the free end of the beam for

supplying droplets of ink to be ejected by the free

end upon each oscillation thereof toward a print

medium each time the oscillation amplitude ex-

ceeds a predetermined threshold amplitude. In a

preferred embodiment of the invention disclosed

herein the selected frequency of operation is at

least a third harmonic or third modal of the natural

frequency of the oscillation of the beam. The base
end of the beam is oscillated by a piezoelectric

material which oscillates in response to an applied

oscillating electric voltage.

Because of the shape of the beam and the use
of a natural operating frequency or harmonic there-

of, the free end oscillation amplitude is at least 10
times greater than the base end oscillation am-
plitude when the average structural damping of the

beam is at least 10. A damping factor of 10 or

greater is preferred for use in the present invention

in order to make the free end of the beam ex-

tremely responsive to variations in the oscillating

amplitude in the base end of the beam, in the

pref rred embodiment of the invention herein dis-

closed, the selected frequency is greater than

50,000 Hz, thereby providing an ink droplet ejec-

tion frequency characteristic which exceeds ail pri-

or art known to the applicant by a significant mar-
gin. Such a high ejection frequency makes it fea-

sible to either increase the speed of printing using

the present invention or to provide a color printer

using a plurality of the printing devices shown
herein, each providing ink droplets of a different

base color. In such a color printing application, the

operating frequency of the combinned printing de-

vices is no less than the prior art operating fre-

quency of a black and white ink-jet system. In the

preferred embodiment of the invention disclosed

h rein the free nd of the beam is provided with a
tip element having a tapered wall apertnre having a

large opening for rec iving ink and a small op ning

for ejecting ink dropl ts.

Those having skill in the art to which the

present invention pertains will now, as a result of

the applicant's teaching herein, perceive various

modifications and additions which may be made to

s the invention. By way of example, the shapes,
dimensions and materials disclosed herein are

merely illustrative of a preferred embodiment which
has been reduced to practice. However, it will be
understood that such shapes, dimensions and ma-

10 terials are not to be considered limiting of the

invention which may be readily provided in other

shapes, dimensions and materials. Furthermore, it

will be understood that the advantageous high fre-

quency operating characteristics of the printing de-

15 vice of the present invention, while having been
disclosed for use in ink-jet printing systems, may
also find advantageous applications in other forms
of printing mechanisms. By way of example, it may
be possible to utilize the characteristics of the

20 present invention in an impact printing application

wherein the tip or free end of the beam of the

present invention may be used as an impact de-
vice. Accordingly, all such modifications and addi-

tions are deemed to be within the scope of the

25 invention which is to be limited only by the appen-
ded claims and their equivalents.

Claims

30 1. An ejection device for use in ink jet printing

systems, the device of the type producing ink

droplets on demand and ejecting such droplets

toward a print medium; the device comprising:

a vibratory element (12) having a base
35 portion (14) affixed to an oscillator (18) impart-

ing oscillating motion to said base portion (14)

at a selected frequency and of a selected

amplitude, and having a free portion (1 6) being
free to oscillate in response to the oscillation

40 motion of said base portion (14); and
an ink supply (17) in fluid communication

with said free portion (16) for supplying a
droplet of ink to be ejected by said free portion

(16) upon each oscillation thereof toward said

45 print medium exceeding a predetermined

threshold amplitude.

2. The ejection device recited in claim 1 wherein
said vibratory element is a cantilevered beam

so having a base end being said base portion and
a free end being said free portion, the free end
having a lower moment of inertia than the base
end.

55 3. The inj ction device recited in claim 1 or 2,

wher in said free portion has an aperture

therein, said ink being ejected through said

aperture upon said oscillation exceeding a pre-

3NSDCC1D: <EP 0510648A2_L>
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determined threshold amplitude.

4. The printing device recited in claim 3, wherein

said aperture is a tapered aperture for receiv-

ing said ink droplets and for ejecting said ink

droplets at a rate dependent upon said se-

lected frequency.

5. The device recited in claim 3 or 4, wherein the

entry opening of the aperture is in surface

tension contact with said ink supply.

natural oscillating frequency;

c. allowing the second end of said beam to

oscillate in response to oscillation of said

first end;

5 d. providing said second end with an ink

droplet ejecting aperture; and

e. supplying ink to said aperture.

14. The method recited in claim 13, wherein said

70 natural oscillating frequency is at least 50 kHz.

6. The ejection device recited in one of claims 1

to 5, wherein said selected frequency is sub-

stantially a natural oscillating frequency of said 75

beam.

7. The ejection device recited in claim 6, wherein

said selected frequency is at least substantially

the third harmonic of the natural frequency of 20

oscillation of said beam.

8. The ejection device recited in one of claims 1

to 7, wherein said oscillator comprises a piezo-

electric material which oscillates in response to 25

an applied oscillating electrical voltage.

9. The ejection device recited in one of claims 2

to 8, wherein said beam is shaped to provide a

ratio of free end oscillation amplitude to base 30

end oscillation amplitude which is at least 10

when the average structural damping ratio of

said beam is at least 10 percent and said

selected frequency is substantially a harmonic

of the natural oscillating frequency of said 35

beam.

10. The ejection device recited in one of claims 1

to 9, wherein said selected frequency is great-

er than 10 kHz, and is preferably at least 50 40

kHz.

11. The ejection device recited in one of claims 4

to 10, wherein the entry opening of the ap-

erture is larger than the ejection opening. 45

12. The ejection device recited in claim 11 wherein

the area of said entry opening is at least two
times the area of said ejection opening.

50

13. A method for ejecting ink droplets in an Ink jet

printing system; the method comprising the

steps of:

a. providing a cantilevered beam having a

first nd and a second end, the first end 55

having a higher moment of inertia than the

s cond end;

b. oscillating the first end of said beam at a
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® High frequency printing mechanism with an ink-

jet ejection device which is capable of ejection of ink

(including hot melt ink) at jet frequencies greater

than 50,000 Hz. A cantilevered beam (12) is moun-
ted at its base (14) to a piezoelectric element (18)

which oscillates the base. The beam is shaped so

that its moment of inertia is reduced toward its free

end (16). The element (18) is activated by an os-

cillating electrical signal the frequency of which is

equal to or close to a natural frequency of oscillation

of the beam (12). At this frequency of oscillation of

the beam, the tip (15) of the beam ociliates over an

amplitude which is significantly greater than the os-

cillation amplitude of the base. The tip (15) of the

beam is provided with an aperture which is prefer-

ably tapered in cross-section. One opening of the

tapered aperture is in fluid communication with a

reservoir (19) of ink and the other opening of the

aperture is positioned at an appropriate distance

from a printing paper towards which individual

droplets of ink from the reservoir are to be propelled.

When the tip amplitude is above a predetermined

threshold, the solid-fluid interaction between the ap-

erture and the ink causes a drop of ink to be
accelerated through the aperture and be ejected

upon each excursion of the tip of the beam toward

the printing media,

19
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